Evolving wormhole supported by dark matter and dark energy by Övgün, Ali
Evolving wormhole supported by dark matter and dark energy
Ali O¨vgu¨n∗
Instituto de Fı´sica, Pontificia Universidad Cato´lica de Valparaı´so, Casilla 4950, Valparaı´so, CHILE and
Physics Department, Arts and Sciences Faculty, Eastern Mediterranean University, Famagusta, North Cyprus via Mersin 10, TURKEY
(Dated: October 10, 2018)
In this paper, we study the evolving wormhole, using dark matter and dark energy. The important
of this work is that the matter has two components: cosmological part (only time dependent) and
wormhole part (only space dependent). To do so, we use the Chaplygin gas as an equation of state for
cosmic part τc = − α
ρ
β
c
and Navarro-Frenk-White dark matter density profile to form dark wormhole.
We reveal more interesting results that evolving dark wormhole is inflated in the early universe and
then wormhole is vanished.
PACS numbers: 04.20.Jb, 04.70.Dy,11.10.Kk
I. INTRODUCTION
A wormhole in spacetime is a gravitational quantum
fluctuation or bridge, connecting different points and
creating a short-cut. Einstein and Rosen first elaborate
on wormhole in 1935 using the theory of general relativ-
ity. Then, main contributions on traversable wormholes
are done by Morris, Thorne and Yurtsever in 1980s [1, 2].
However, since then, no one has discovered a wormhole
to date, it is pure theoretical research area. To under-
stand the nature of the Universe with its mysterious is
an one of the puzzle of the human’s life.
The existence of wormhole geometries is needed to
use the exotic matter which is the most debatable is-
sue. To minimize the presence of exotic matter. one shall
use modified theories or extra sources. Another way to
do it is to use thin-shell formalism which is firstly pro-
posed by Visser. Furthermore, the other important prob-
lem is to find stable wormhole against perturbations.
A singularity-free system identifies a stable state and it
prevents the WH to collapse. The study of wormhole
solutions has been of great interest in theoretical physics
[3–39, 41–89].
On the other hand, theoretical and observational cos-
mology are struggled to resolve the source of the infla-
tion in early universe and also current cosmic acceler-
ated expansion. Recent experiments show that some
enigmatic force may cause the accelerated expansion,
known as dark energy. Besides this, there are many
other studies to light on its ambiguous nature [90–97].
We naturally wonder whether wormhole can lead to
an apparent failure of locality on the background space-
time in the early universe. If there is a wormhole in
the early universe, it shall be inflate into at least hu-
man size to allow time travel, for this purpose, first Ro-
man studied the enlargement of the wormhole by infla-
tion [4]. He proposed that during the inflation era, the
wormhole had also inflated. Then Kim have extended
∗Electronic address: ali.ovgun@pucv.cl
Roman’s idea and studied the cosmological properties
in the Friedmann-Robertson-Walker cosmologies with
a traversable wormhole [3]. He has divided the mat-
ter content into two parts: cosmological part (only time
dependent) and wormhole part (only space dependent).
Then he have studied the behavior of the scale factor
and wormhole shape function in this context. After
Kim’s seminal paper, the study of exact solutions un-
der assorted scenarios is extensively studied to under-
stand the sophisticated picture of cosmic evolution and
wormhole. Having created this predicament, Cataldo,
in a subsequent papers [41–52], studied various models
of a FRW like cosmologies using the wormholes in dif-
ferent dimensions. He argued that the it is possible to
find normal matter wormhole in the universe and the
evolving wormhole metric shall cause the acceleration
of the universe.
Our main motivation is to examine whether Kim’s
ideas can be applied to the wormhole sourced with dark
matter, especially the Navarro-Frenk-White(NFW) pro-
file [98], which is a spatial mass distribution of dark mat-
ter and for the cosmic part obeys the Chaplygin gas [6].
Hence, we will obtain the evolving dark wormhole.
The remainder of this paper is organized as follows:
in section II, we give a brief review concerning the
evolving dark wormhole. Then we consider the Chap-
lygin gas as a equation state and study the evolution
of the universe in section III. In section IV we construct
the dark wormhole sourced with NFW density profile of
dark matter. We discuss our results is given in Section V.
II. EVOLVING DARKWORMHOLE
In this section, we first consider that the spacetime
metric representing a dynamic traversable wormhole in
a FRW universe as follows [3, 4]:
ds2 = −dt2+R(t)2
[
dr2
1− kr2 − b(r)r
+ r2(dθ2 + sin2 θdφ2)
]
,
(1)
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2where b is function of r and known as a shape function.
R(t) is the scale factor of the universe. Moreover, k is the
curvature of spacetime with values +1, 0,−1.
To avoid the form of event horizon, these conditions
should be satisfied: b(r)/r < 1, with b(r0) = r0 at the
throat; and the flaring out condition (b − b′r)/b2 ≥ 0,
with b′(r0) < 1 at the throat.
Solving the Einstein field equation, Gµν = 8piTµν for
the above metric, we obtain the nonzero components of
the Einstein tensor: reduce to
Gtt = −
3
[
d
dtR (t)
]2
r2 + 3 kr2 + ddr b (r)
R (t)
2
r2
, (2)
Grr = −
2R (t) r3 d
2
dt2R (t) +
[
d
dtR (t)
]2
r3 + kr3 + b (r)
R (t)
2
r3
, (3)
Gθθ = Gφφ = −
4R (t) r3 d
2
dt2R (t) + 2
[
d
dtR (t)
]2
r3 + 2 kr3 +
[
d
dr b (r)
]
r − b (r)
2R (t)
2
r3
. (4)
For the perfect fluid with the energy-momentum tensor
given by Tij = diag[ρ(t, r), τ(t, r), p(t, r), p(t, r)], where
ρ(t, r), τ(t, r), P (t, r) are the mass energy density, radial
tension and lateral pressure, the Einsteins field equa-
tions become
κρ(t, r) = 3H2 +
3k
R2
+
b′
R2r2
, (5)
κτ(t, r) =
(
2
R¨
R
+H2 +
k
R2
)
+
b
R2r3
, (6)
κP (t, r) = −
(
2
R¨
R
+H2 +
k
R2
)
+
b− rb′
2R2r3
, (7)
where κ = 8piG andH = R˙/R. Note that a prime and an
overdot stand for differentiation with respect to r and t
respectively. Then we use the following ansatz for mat-
ter parts is [3]
R2(t)ρ(t, r) = R2(t)ρc(t) + ρw(r), (8)
R2(t)τ(t, r) = R2(t)τc(t) + τw(r), (9)
R2(t)P (t, r) = R2(t)Pc(t) + Pw(r). (10)
The radial pressure should be τc(t, r) = −Pc(t), to make
them isotropic.
We use the EOS of Chaplygin gas as follows [6]:
τc = − α
ρβc
, (11)
where B, A and α are free parameters. With the help
of ansatz Eqs. (8)-(10), we rewrite the Einstein equations
(5)-(7) in two parts as follows
R2
(
κρc −
[
3H2 +
3k
R2
])
=
b′
r2
− κρw = l, (12)
R2
(
κτc + 2
R¨
R
+H2 +
k
R2
)
= − b
r3
− κτw = m, (13)
R2
(
κτc + 2
R¨
R
+H2 +
k
R2
)
=
b− rb′
2r3
− κPw = m.(14)
Note that l and m are constants. Furthermore, we use
the subscripts c and w to refer the cosmic and wormhole
parts.
III. EVOLUTION OF THE UNIVERSE
In this section, using the equations from the previous
section Eqs. (12) and (14), we find the following gener-
alized conservation equation for the cosmic part:
R3
R˙
[ρ˙c + 3H(ρc + τc)] = q, (15)
where q = l+3mκ . Now we use the chaplygin gas as
an equation of state for cosmic part τc = − αρβc [6] and
Now, we shall solve the Eq. (15), with the Chaplygin
gas for special case( l = −3m) and it reduces to well-
known conservation equation for FRW metric. In this
case Eqs. (12)-(14) lead us to obtain them as follows:
3H2 +
3(k −m)
R2
= κρc, (16)
−2 R¨
R
−H2 − k −m
R2
= κτc, (17)
and then we find
ρc =
(
C R (t)
−3(β+1)
+ α
) 1
β+1
. (18)
Next, we use this solution with field equations to ob-
tain scale factor R(t):
3R(t) ≈
−−C1 cos
(
1/2α(2 β+2)
−1
t
)
− C2 sin
(
1/2A(2 β+2)
−1
t
)
α(2 β+2)
−1
2/3 . (19)
In the Fig. (1-5), we plot the scale factor R(t) versus
time t, scale factor R(t) versus α with different configu-
rations to show behavior of the universe in the inflation
era. As it is shown in figures, first universe had begun
with negative α till inflation, then universe was period-
ically expanding at an accelerating rate and then decel-
erating rate. The α has a role of fine tuning.
FIG. 1: Scale factor versus t with variable α
FIG. 2: Scale factor versus α
FIG. 3: Scale factor versus time with variable α.
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FIG. 4: Real Scale factor R of the universe versus time with
variable α. C1 = 1,C2 = 1 and β = 1
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FIG. 5: Im(R) versus time with variable α. C1 = 1,C2 = 1 and
β = 1
IV. DARKWORMHOLE
In this section, we construct the dark wormhole. For
this purpose, we use the well-known dark matter pro-
file, namely Navarro-Frenk-White density profile:
ρω =
ρ0
r
r0
(
1 + rr0
)2 , (20)
where r0 is known as radius of characteristic scale. The
wormhole part is given for(l = −3m) by
b′
r2
− κρw = −3m, (21)
− b
r3
− κτw = m, (22)
4b− rb′
2r3
− κPw = m. (23)
From Eqs. (21)-(23) we obtain that ρw + τw + 2Pw = 0.
Here, similarly to previous section, but this time using
the spatial part, we obtain
b(r) = −mr3 + r0
4kρ0
r0 + r
+ kρ0 r0
3 ln (r0 + r) (24)
then we calculate the radial tension of the wormhole
τw =
−kr03ρ0 (r0 + r) ln (r0 + r)− r04kρ0 +mr4 +mr3r0
(r0 + r) r3k
.
(25)
and finally we obtain the radial pressure of wormhole
Pw =
kr0
3ρ0 (r0 + r)
2
ln (r0 + r)− kr2r03ρ0 + r04kρ0 r + r0 5kρ0 + 2mr5 + 4mr4r0 + 2mr3r02
2 (r0 + r)
2
r3k
(26)
To maintenance the traversable wormhole, the flare-out
condition should satisfy Kim :
b− b′r − 2kr3
2R(b+ kr3)2
> 0 (27)
FIG. 6: Flare-out condition is satisfied at the early universe just
before the inflation
Flare-out condition is satisfied at the early universe
just before the inflation Fig. (6).
V. CONCLUSIONS
In this paper, we have obtained the evolving dark
wormhole with interesting results. The solutions of the
dark wormhole show that it is located in the early uni-
verse and it decays during the inflation. On the other
hand, evolving dark wormhole is inflated and continues
to accelerated expansion. In the Fig. (1-5), we plot the
scale factor R(t) versus time t, scale factor R(t) versus
α with different configurations to show behavior of the
evolving wormhole in the inflation era. As it is shown
in figures, first evolving wormhole begun with negative
α till inflation, then it was periodically expanding at an
accelerating rate and then decelerating rate. The α has a
role of fine tuning. As shown in Fig. (6) evolving dark
wormhole is located between the Big Bang and inflation.
During inflation, it decays, and then there is no dark
wormhole. It shows us that wormhole behaves similarly
to the inflation.
Moreover, we have addressed some open questions
to the Kim’s arguments that one might raise. For exam-
ple, the scale factor of the universe has two components
complex and real. We wonder that how it is possible,
and how we can explain it. Another issue is that worm-
hole shall be small as a scale of the Planck length at the
Big bang, but then expands too much greater and de-
cays smaller than the Planck length. One may wonder
whether wormholes make phase transition to black hole
in fact contribute significantly to inflation. On the other
hand, if it is correct, this proposal renew in basis our as-
piration of understanding how Nature works as parallel
of evolving wormhole in universe.
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